ABSTRACT: Some aspects of the biology and ecology of the goby Knipowitschia caucasica were studied over a period of 13 months in a poly-to euhaline area in the Evros Delta (North
Information on the biology of K. caucasica is restricted, and concerns exclusively the populations of the Ponto-Caspian region and the Aral Sea. This information has usually been pubhshed in the form of brief notes, mainly by Kobhtskaya (1961) (cited in Baimov, 1963) , Baimov (1963) , Gheorghiev (1964 Gheorghiev ( , 1966 , Troitskii & Tsunikova (1978) , Ragimov (1986) , etc. No information exists on the Mediterranean populations of this species.
The information on the biology of the other species of this genus is also very poor and has been given mainly by Gheorghiev (1966) , Gandolfi (1972) , Zelenin & Vladimirov (1975) , Ragimov (1986) . In the present paper, an attempt is made to compare the above information with that collected from the study of the K. caucasica population in the area of the Evros Delta.
THE ECOSYSTEM OF THE STUDIED POPULATION
The sampling area, a natural channel about 2 km long, 60 m wide and 3 m deep, is representative of the inner regions of the Evros Delta (north eastern Greece ). The channel is isolated from an adjacent lagoon by an embankment which prevents direct communication. Along the channel banks and in depths seasonally varying between 0.3 and 1.0 m, there exist two zones with formations of the polychaete Ficopomatus enigmaticus (Fauvel) . These zones are both 0.7 m wide. According to observations made by Kevrekidis (1988) and Kevrekidis & Koukouras (1989, in press) during the samphng period (Feb. 1983 -Feb. 1984 , the gastropod Hydrobia salaria (Radoman) , the amphipod Gammarus aequicauda (Martynov) , the bivalve Abra ovata (Philippi) and the polychaete Hediste diversicolor (O. F. Mfiller) were the dominant species of the benthic macrofauna associated with the F. enigmaticus formations on the southeastern bank of the channel On the substrate, around the F. enigmaticus formations, numerous empty shells were found belonging to the bivalve Cerastoderma glaucu'm (Brugui~re).
In the channel, water sahnity varied between 32.5 %0 and 36.0 %0 during the period February -October I983, and between 24.0 %0 and 27.0 %0 during the period November 1983 -February 1984 water temperature varied from 3.4 ~ (Dec. 1983 ) to 26.9 ~ (Jul. 1983}; dissolved 02 from 5.3 ppm (Oct. 1983} to 8.4 ppm {Dec. 1983 ; pH from 7.3 to 8.3; median diameter of the sediment (Md} from 63 btm to 104 ~tm (very fine sand}, and sediment organic matter from 0.90% to 1.30% (Kevrekidis 1988; Kevrekidis & Koukouras, 1989, in press ).
MATERIAL AND METHODS
From February 1983 to February 1984, monthly samples of Knipowitschia caucasica were taken from the southeastern zone of the Ficopomatus enigmaticus formations. Each time, a 1-mm mesh special net (with a square opening, each side measuring 40 cm) was pulled twice in the polychaete zone over a distance of 10 m. All fish collected were preserved in a 5 % formalin solution immediately after capture.
In the laboratory, the fish were measured to the nearest 0.1 mm, weighted to the nearest mg and sexed. Gonad and guts were removed, and the fish reweighted to the nearest mg after that removal. The gonads and the gut contents were examined under microscope. Each ripe ovary was damp-dried on filter paper, and the number of oocytes it contained were counted (Bagenal & Braum, 1971) . All the individuals were grouped in 2-mm size classes; the inter-class interval was selected by the method of Goulden (1952) , reported by Cancela da Fonseca (1965) . The fish population was analysed by the graphical analysis of polymodal frequency distributions (Harding, 1949} . This method is convenient for the age determination of the youngest age-groups of fish in general {Tesch, 1971}, and consequently of the whole of the age-groups of fish having a short life span. Moreover, the small and ctenoid scales of many individuals of K. caucasica were examined under the microscope (Lagler, 1972} to confirm the graphical analysis results.
RESULTS

Population structure
A total of 397 individuals of Knipowitschia caucasica were examined during this study. The population composition of each sample over the period February 1983 to February 1984 is illustrated in Figure 1 by histograms based on frequency distributions showing the demographic development of the population in this species. The composition of the March and June samples is not represented, since just a few individuals were collected during these months. Total length is used in frequency distributions; total length as well as standard length could be used, because there is no difference in the relative growth of standard length/total length between immature individuals, males and females (see below}.
By means of the graphic analysis of the frequency distributions, we delimited three size groups during the study period, which we called A, B and C (Fig. 2} . From Figure 2 , we can say that young fish appear in June -August and have a maximum life span of about two years. Examination of scales from individuals of A and B size groups taken by random sampling, and from all individuals of C size group/revealed that A, B and C size groups can be characterized as 0, "I and II age groups, respectively. Young fish appeared in June -August in two parts (A1 and A2), perhaps due to successive spawnings in the same year. Such observations have been made on other gobiid species by Claridge et al. {1985}; moreover, it is known that K. caucasica populations are characterized by two batch spawning (Troitskii & Tsunikova, 1978; Ragimov, 1986) . At and A2 parts united in November, since the growth of the smaller part was faster (Fig. 2) . The participation percentages of the size group A presented an unexpected decrease during December 1983 -February 1984 . This event may be attributed to a greater migration of the young fishes to deeper waters of the channel; it is known that other populations of K. caucasica descend to deeper waters (1.5 -2.0 m) during the winter period (Baimov, 1963} . Size group C in April 1983 and size group B in February 1984, shortly before their disappearance, seemed to be divided in two parts. This separation may be attributed to the death of some individuals of the intermediate size classes; these individuals are probably males (see below}.
Growth
Size
The largest individual obtained was a female of 41.1 mm total length (34.8 mm standard length); the largest male had a total length of 29.1 mm (24.3 mm standard length). These fishes belonged to C and B size group, respectively. Moreover, the mean total length as well as the mean standard length of females were greater than those of 
Total length (TL) -standard length (SL) relationship
The dispersion diagram of SL in relation to TL for, the whole fish population is illustrated in Figure 3A . Searching for the best description of the relation SL/TL, we arrived at the hnear relation SL = b + ~ 9 TL (where ~, b are constants) which additionally showed the highest positive coefficient of correlation.
A positive correlation was found to exist between the criterions SL and TL (r = 0.935; N = 397) (Table 1) for the whole fish population (Fig. 3A) ; a negative allometry was found for the relations SL, TL since ~ < 1 (~ = 0.847) (Table 1), i.e. the standard length increases more slowly than the total length. Tests were carried out for any statistical differences in the relative growth of SL, TL between immature individuals, males and females; in all these cases the morphometric criterions SL, TL showed a negative allometry since ~ < 1 (Table 1) . Comparing the slopes of males and females, and those of immature and mature fish (males or females) (Table 1) using the method of Mayrat (1965) , it was found that there were no statistical differences.
Total length (TL) -cleaned weight (CW) relationship
Searching for the best description of the relation, cleaned weight (weight of the body less gut and gonad) -total length, we arrived at the equation CW = b. (TL) ~ (Le Cren, 1951) which additionally showed the highest positive coefficient of correlation; this is clearly shown in the dispersion diagram (Fig. 3B) . That formula, which was transformed to: LogloCW = ~ 9 (Log10 TL) + LOgl0b (where c~, b are constants), was used according to Tesch (1971) .
A (Table 2) for the whole population of Knipowitschia caucasica (Fig. 3B) ; those morphometric criterions showed a positive allometric growth since (~ > 3 ((~ = 3.456) (Table 2) , which means that "the fish becomes heavier for its length as it grows larger" (Tesch, 1971) . It was tested whether there existed a statistical difference in the relative growth of LogloCW in relation to LogloTL between immature fish, males and females. In mature fish (males or females), the cleaned body weight increases faster than the total length, since > 3 (Table 2 ). Comparing the regression equations of males and females (Table 2) with the use of a t-testing procedure (Zar, 1984) , it was found that they had neither different slopes (~) nor different elevations {Loglob), which means: (I) the growth rate in females is similar to that of males, (2) the females are as heavy for their length as the males. In immature individuals, on the contrary, the cleaned body weight increases more slowly than the total length, since ~ < 3 (Table 2 ). Nevertheless, on comparing the slopes of immature and mature fish (males or females), no statistical difference was found. A difference was only found between the elevations (p < 0.001).
Seasonal variation of growth
Knipowitschia caucasica exhibits a seasonal variation in growth rate. The growth curve of the size groups (Pig. 2) reveals that the main growing period for the B group lasts from July until September, and for the A group from July -August until OctoberNovember; the mean total length (___ standard deviation) of the A group in July and November was 13.8 (• 1.5) mm and 20.4 {+ 1.3) mm respectively, and that of the B group in July and September was 19.6 (• mm and 25.3 (• 1.6) mm respectively. During the rest of the year, little increase in length takes place; the individuals which have overwintered are almost the same size as the autumn ones.
Condition factor
The condition factor was calculated on the basis of cleaned weight from the relationship CW. 10 s k = TL 3 (Nikolsky, 1963) , where k = condition factor, CW = cleaned weight in g and TL = total length in rnm. The seasonal variation in condition factor of males and females throughout the year is almost similar and is shown in Figure 4 April, a decrease until June, which is to be expected as it coincides with the main reproductive period (see below) (Lagler, 1972) , an d following this, there is a new increase in July -August. A decrease in k values follows until October, and a successive increase and decrease until the end of the period of study.
Reproduction and fecundity
The overall sex ratio of females to males is 1 : 1.46. This preponderance of males is higher in the A size group (1 : 1.48) than it is in the B size group (1 : 1.44); in the C size group (two-year old individuals) there are only females. Consequently, it seems that females live slightly longer than males do.
Immature fish were collected during August -September only. After April, almost all individuals were found in a stage of maturity with reproduction imminent, according to the classifications of Nikolsky (1963) and Kesteven (1960) (cited in Bagenal & Braum, i971) . Ripe females and males were obtained from April to July. The reproduction period begins at the end of April/beginning of May and continues until the end of July. Almost all of the thirteen ripe females collected belong to the B size group except a 2-year old one which was collected in April; that ripe female was the largest and heaviest (29.4 mm total length, 0.198 g total weight and 0.116 g cleaned weight). The minimum value of total length (TL), total weight (TW) and cleaned weight (CW) of the ripe females was 21.0 ram, 0.074 g and 0.042 g, respectively.
The fecundity (F) of the thirteen ripe females ranged from 60 to 217 eggs with a mean of 109.8 (+ 56.3 standard deviation). There is a positive correlation between LogloF and LogtoTL (r 2 = 0.545) (Fig. 5A ), Log~oF and LogloTW (r 2 = 0,.835) (Fig. 5B) , and F and CW (r 2 = 0.771) (Fig. 5C) . The regression equations for the data are the following: LogloF = 3.69-LogloTL -3.04, LogloF = 1.33. LogTW + 3.28, and F = 2028. CW -30.0, respectively. In the relation F: CW, the linear and not the exponential equation was used because it showed the highest coefficient of correlation. We should mention that fecundity shows the highest correlation with total weight and a relatively lower correlation with total length, something ascertained also by Nikolsky (1969) .
The relative fecundity (RF), which expressed the number of oocytes per g cleaned weight of a female (Nikolsky, 1969) , ranged from 968 to 2170 with a mean of 1558 (__395 standard deviation). However, no correlation was found between relative fecundity and the morphometric criterions TL, TW and CW (p > 0,05).
Food
The diet of Knipowitschia caucasica was analysed for each size group separately (Table 3) . Food organisms were recorded according to the number and percentage of stomachs containing one or more individuals of each food category (occurrence method), and number and percentage of individuals in each food category for all stomachs (numerical method) (Hyslop, 1980) . The percentage of emlSty stomachs in the A size group (60.7 %) is higher than it is in the B size group (43.7 %). Three specimens of the C size group examined did not contain ingested material. The fish diet is characterized by a restricted variety, including only six food categories. In the B size group the predominant The monthly analysis of stomach contents of the whole K. caucasica population during the samphng period (Feb. 1983 -Feb. 1984 ) based on the occurrence method has been given by Kevrekidis & Koukouras (1989, in press ).
During the study period, the density of H. diversicolor in the sampling area exhibited a gradual decline from February (mean value 335.4 ind./400 cm 2) to May (mean value 99.4 ind./400 cm 2) and June. 1983 (mean value 6.2 ind./400 cm 2) (Kevrekidis, 1988) (Kevrekidis, 1988; Kevrekidis & Koukouras, 1989, in press ).
DISCUSSION
In the Evros Delta, Knipowitsctn'a caucasica grows rapidly in the summer and autumn after hatching. It matures after its first winter, breeds from the end of April to the end of July and grows rapidly again in July -September. The older males perish after their second February, whereas some females have a second breeding season at the end of April/beginning of May, shortly before their death.
It has been hinted that some other populations of K. caucasica have a life span of about one year (Iljin, 1927 , cited in Gheorghiev, 1964 Suvorov, 1948 , cited in Baimov, 1963 Berg, 1949 , cited in Gheorghiev, 1964 . Koblitskaya, 1961 , cited in Baimov, 1963 ; in the Aral Sea, it had a life cycle of one year with a small number of individuals surviving for a few months more (Baimov, 1963) , while some individuals taken from the Bulgarian coasts of the Black Sea lived in an aquarium for from one year and half to two years (Gheorghiev, 1964) . A short hfe span and early maturation may characterize all the K_nipowitschia species (e.g. Gheorghiev, 1966; Gandolfi, 1972) , as well as the Pomatoschistus species (e.g. Miller, 1961; Muus, 1967; Claridge et al., 1985) , whereas a long life span and late maturation characterizes the genus Gobius (e.g. Miller, t961; Gibson, 1970) .
Information given on the populations of K. caucasica from different geographical areas, as far as growth rate is concerned (e.g. Kobhtskaya, 1961 , cited in Baimov, 1963 Baimov, 1963) seems to agree with the annual cycle of K. caucasica in the Evros Delta.
The beginning and the duration of the reproductive period seem to more or less vary among the populations of K. caucasica. Thus, K. caucasica in the Caspian Sea, at the preestuary of the Volga, breeds from the middle of April to the end of May and only rarely to June (Koblitskaya, 1957 , 1961 , cited in Baimov, 1963 ; in the Aral Sea from the beginning of May to the beginning of August (Baimov, 1963) ; in the Black Sea, on the Bulgarian coasts, from March to the end of July (Gheorghiev, 1964 (Gheorghiev, , 1966 ; in the North Aegean Sea, at the Evros Delta, from the end of April to the end of July.
The above observations that K. caucasica exhibits an annual cycle in growth rate and breeds during spring and summer having a 2 -5 month breeding season is common for many northern and temperate-zone gobiids (e.g. Miller, 1961; Muus, 1967; Gibson & Ezzi, 1978) . As far as the reproductive period is concerned, similar observations have also been made for the other species of the genus Knipowitschia (e.g. Gheorghiev, 1966; Gandolfi, 1972; Zelenin & Vladimirov, 1975; Ragimov, 1986) .
Knipowitschia species are small fish, their maximum length usually not exceeding 50 mm (e.g. Baimov, 1963; Miller, 1972; Pinchuk, 1978; Ragimov, 1986) . The maximum weight of K. caucasica female recorded by Baimov (1963) in the Aral Sea (430 rag) is lower than it is in the Evros Delta (624 mg total weight, 474 mg cleaned weight), but the maximum weight of males in the Aral Sea (406 rag) is higher than that in our study (169mg total weight, 138 mg cleaned weight). The maximum weight reported by Sattarov (1972) in the Sukhandarya river basin is 295 rag, and by Troitskii & Tsunikova (1978) in the Kuban Estuaries 980 rag.
The condition factor values calculated on the basis of cleaned weight in the population of the Aral Sea, which varied from 0.90 to 1.35 in juveniles, from 1.20 to 1.55 in mature males and from 1.23 to 1.34 in mature females (Baimov, 1963) , are higher than those in the population of the Evros Delta. This suggests that in the Aral Sea the habitat offered better conditions for the K. caucasica population and the fish were heavier for their length than in the Evros Delta.
The conditions prevailing in the study area should be considered as favorable for K. caucasica spawning, according to the relevant literature. According to Baimov (1963) , Ragimov (1986) and other authors, its spawning usually takes place in slightly moving shallow waters having a depth of 0.15 m to 1.5 m, temperature from 15 ~ to 27 ~ sahnity that may fluctuate within wide limits. Its eggs are usually attached to the underside of small gravels, dead bivalve shells, dead roots of reeds, etc. {e.g. Koblitskaya, 1961 , cited in Baimov, 1963 Baimov, 1963; Gheorghiev, 1964 Gheorghiev, , 1966 Ragimov, 1986) .
In the Evros Delta, the ripe females of K. caucasica were generally shorter and hghter than those in other waters. The length of the ripe females in the Black Sea, on the Bulgarian coasts, ranged from 25 mm to 39 mm (Gheorghiev, 1964 ; in the Kuban estuaries generally from 24 mm to 38 mm (Troitskii & Tsunikova, 1978) ; in the Aral Sea from 20.1 mm to 35.0 mm (Baimov, 1963) ; at the estuary and the Volga Delta from 20.1 mm to 45.0 mm {Kobhtskaya, 1961, cited in Baimov, 1963}. In the Caspian Sea also, Ragimov (1986} reported ripe females having a standard length of 27 mm to 31 mm and a weight of 0.462 g to 0.650 g. Our observation that the mean fecundity of female K. caucasica generally increases with the size of the fish seems to be true also for other populations of this species (e.g. Koblitskaya, 1961 , cited in Baimov, 1963 Baimov, 1963; Ragimov, 1986} , as well as for other species of the genus Knipowitschia (e.g. Ragimov, 1986} . Consequently, it is expected that the fecundity we recorded for K. caucasica is lower than it is in other areas. The fecundity of K. caucasica in the Black Sea varies from 358 to 1389 eggs (Gheorghiev, 1964 ; in the Kuban estuaries from 310 to 1083 with a mean of 702 eggs (Troitskii & Tsunikova, 1978} ; in the Aral Sea from 97 to 343 with a mean of 186 eggs (Baimov, 1963};  in the Caspian Sea, from 209 to 786 with a mean of 423 eggs (Sawaitova, 1959 , cited in Baimov, 1963 Koblitskaya, 1961 , cited in Baimov, 1963 , from 209 to 382 with a mean of 285 eggs {Berg, 1949, cited in Baimov, 1963) and from 527 to 863 eggs with a mean of 715.6 (Ragimov, 1986) . Nevertheless, the relative fecundity {RF) of K. caucasica in the Evros Delta is higher than that in the Caspian Sea, where Ragimov (1986) recorded a mean RF in different size groups ranging from 1249.38 to 1497.64.
The results of this study and the revision of the relevant literature show that the maximum individual fecundity of K. caucasica ranges from 217 to 1389 eggs. In K. longecaudata {Kessler, 1877), the corresponding values observed are from 350 to 2045 eggs (Zelenin & Vladimirov, 1975; Ragimov, 1986}, while in K. fljini {Berg, 1931 2240 eggs (Ragimov, 1986) . Values of individual fecundity analogous to that found in the present study have been recorded for other gobiids {e.g. Ragimov, 1986} ; however, in many species {mainly large-sized ones}, very high maximum values have been recorded {e.g, up to 9-12 000) (e.g. Miller, 1961; Gibson, 1970; Gibson & Ezzi, 1978} . Finally, in the Caspian Sea, Ragimov {1986} reported a high relative fecundity for K. iljini {mean value 1932.53), and a generally lower RF for K. longecaudata (1037.04-1376.14} than for K. ca u casica.
The analyses of the stomach contents showed that in the Evros Delta K. caucasica appears to be almost exclusively a bottom-feeder, preying predominantly on benthic amphipods and polychaetes. In other regions, the fish appears to eat both benthic and planktonic organisms; its food was composed mainly of amphipods, chironomid larvae, copepod crustaceans, cladoceran crustaceans, etc. {e.g. Kobhtskaya, 1961 , cited in Baimov, 1963 Baimov, 1963; Gheorghiev, 1964; Troitskii & Tsunikova, 1978) . The diet of K. 1ongecaudata in the Danube basin consisted predominantly of chironomid larvae, corophiid amphipods and other crustaceans (Zelenin & Vladimirov, 1975) . Benthic amphipods and polychaetes are usually important prey organisms for many inshore and estuarine gobiids (Muus, 1967; Miller, 1969; Gibson, 1970; Claridge et al., 1985) . In the study area, the smaller individuals of K. caucasica {size group A) consumed the amphipod Gammarus aequicauda more than any other prey, whereas in the larger ones (size group B) polychaetes (Picopomatus enigmaticus, Hediste diversicolor) dominated. This should not be mainly attributed to different preferences among the larger and smaller individuals, but rather to a combination of the following: (1) The preference of all individuals for the more active amphipods (Magnhagen & Wiederholm, 1982) , and (2) the sharp increase of G. aequicauda density and the sharp dechne of the polychaete H. diversicolor density recorded in the study area during the period of the A size group appearance (JuneAugust 1983) (Kevrekidis, 1988; Kevrekidis & Koukouras, 1989, in press ).
Finally, taking into account all the above, and in accordance with Baimov (1963) , we can say that Knipowitschia caucasica has, besides its euryhaline nature, also other characteristic properties such as early maturity and polyphagous nutrition, which could account for its wide geographical and ecological distribution.
